This paper discloses for the first time the effects of the gas phase (GP) and the tar of cigarette smoke on lipid peroxidation (LPO) and on the structure of different lipid regions in liposomes. The LPO development was analysed in terms of the total unsaturation of lipids (double-bond, DB, content) and the formation of dienic conjugates (DC), ketodienes (KD), and malonic dialdehyde (MDA). As expected, the exposure of liposomes to either the GP or the tar led to a significant decrease in the DB content. However, the formation of oxidation products revealed different dynamics: MDA generation was inhibited, while the formation of DC and KD increased during the first few hours of the LPO development followed by its inhibition. The smoke constituents exhibited opposite effects on the structure of the lipid bilayer of liposomes: the GP markedly enhanced the microviscosity of liposomal membranes, whereas the tar caused a drastic lowering of microviscosity.
Introduction
Oxidative stress, derived from an imbalance between the production of reactive oxygen species (ROS) and the efficacy of the cellular antioxidant defence systems, is thought of as a general multifaceted phenomenon [1] exhibiting undesirable consequences in diverse biomedical contexts. [1, 2] Indeed, hastening oxidative processes can lead to an altered intracellular redox status causing cellular dysfunction or death [1, 2] and related events, most prominently oxidative DNA damage, [3] [4] [5] [6] a primary process of carcinogenesis. It comes as no surprise that the development of pathogenic oxidative processes in human organism is lifestyle dependent. [2] Thus, cigarette smoking, which is considered in the literature as a risk factor for various pathological developments and diseases (such as chronic bronchitis, emphysema, cardiovascular disease, carcinogenic developments, and tumour growth [7] [8] [9] [10] [11] [12] [13] [14] ) causes, in particular, the oxidative damage of cell membranes and biological macromolecules. [6, [15] [16] [17] [18] [19] [20] [21] [22] [23] Cigarette smoke is a complex chemical conglomerate that contains high concentrations of two distinctly different fractions of free radicals, one in its gas phase (GP) and another one in the particulate matter (tar). [16, 17, [24] [25] [26] [27] The GP of the smoke predominantly contains reactive carbon-and oxygencentred radicals, as well as a rather sizable amount of nitric oxide. [16, 19] Tar contains, most prominently, polycyclic hydrocarbons, polyphenols, and quinones. [26, 27] Reactive oxygen species (ROS) abundant in the smoke cause oxidative damage to cellular lipids, proteins, and DNA in vivo. [21] Elucidation of mechanisms of their generation in cigarette smoke and in the human organism after smoking, and their involvement in oxidative damaging processes, as well as related topics, such as the role of the hydrogen peroxide as a ROS precursor and signalling species, [28, 29] are of paramount interest in the context of the biomedical aspects of cigarette smoking. In this context, it is worth noting that some free radicals may also cause inhibition of oxidative developments. Examples par excellence are furnished by the smoke-borne NO and nitroxyl radicals. [16, 30] Indeed, it is well known that both nitric oxide [31, 32] and nitroxyl free radicals [33, 34] are able to inhibit oxidation processes including lipid peroxidation. Clearly, this adds mechanistic intricacy to the development of the smoking-associated oxidative stress.
Another type of powerful oxidative species in cigarette smoke is furnished by electronically excited particles generated in the smoke, as manifested by the chemiluminescence emission. [35, 36] The high reactivity of electronically excited species towards biological materials constitutes a subject matter of 'photobiology without light' and is of prime concern in terms of photooxidative damage of biomolecules (most prominently, DNA). [37] [38] [39] [40] Lipid peroxidation (LPO) induces peroxidative destruction of cell membranes and thereby leads to a loss of their functional integrity and formation of early (such as dienic conjugates, DC) and terminal (such as malondialdehyde, MDA) LPO products. [18] [19] [20] [21] [41] [42] [43] [44] [45] [46] In turn, diverse LPO products (peroxides, oxides, aldehydes, ketones, etc.) in excessive amounts are toxic to cells. They disturb membrane structures, sharply increase membrane permeability, and provoke changes in the activity of membrane-bound enzymes. [41, 42] It is also worth noting that MDA, for instance, possesses both mutagenic and carcinogenic properties. natural separation of its chemicals in the human organism. Consequently, cells are exposed to different smoke constituents (either predominantly to particulate matter or to volatile gaseous reagents). Diverse groups of chemicals from the different phases of smoke should exert different actions on membrane lipids. A large body of studies has demonstrated the crucial role of the LPO process in developing smokingassociated oxidative stress. [22, 23, 45] At the same time, one should take into account the controversial character of the experimental evidence for the smoking-induced LPO derived from studies with living organisms, in which a rich variety of reactions contribute to the oxidation process. [16, 17, 26, 27] In this work, we investigated the interactions of the gaseous and the particulate phases of cigarette smoke with artificial membranes, namely liposomes, in an attempt to acquire mechanistic insights into the oxidative effects of smoke on the lipid environment and to assess the alteration of membrane structures upon their exposure to smoke chemicals.
Experimental

Materials
In the present work, we used experimental cigarettes with cellulose triacetate filters, whose tar and nicotine yields per sample were 9.0 and 0.73 mg, respectively. These cigarettes were kindly made available by the BAT-Yava factory (Moscow) exclusively for our research purposes. For separating the particulate and gaseous phases of the cigarette smoke, we used Cambridge filters able to retain up to 99.9 % of all particles with a diameter above 0.1 mm. Phosphatidylcholine (PC) used as material for making the liposomes was from Fluka. Doxylstearic acids (5-DSA and 16-DSA) and ferrous sulfate were from Sigma, while methanol, chloroform, and carbon tetrachloride were obtained from Merck.
Methods
GP of the Cigarette Smoke
The cigarette smoke was produced using the smoking machine A14 (Borgwaldt KC GmbH). This peristaltic-pump engine was operated at the rate of 6 puffs min À1 with a draw time of 58 s to generate 35 cm 3 of cigarette smoke per 1 min, while smoking one cigarette within 5 min. The GP of the cigarette smoke was cleaned of particulate ingredients (tar) using the Cambridge filter pads. In the experiments with liposomes, the GP of the smoke was bubbled through 11 to 12 mL of a liposome suspension kept at 48C, and for each liposome sample three cigarettes were used.
Tar Samples
The tar samples (2 mg mL À1 ) were obtained through isopropyl alcohol extraction (over 12 h at 88C) of the particulate matter collected on the Cambridge filter from the smoke of four cigarettes. The cigarettes were smoked using the peristaltic pump as described above.
Liposome Preparation
Unilamellar small liposomes (small unilamellar vesicles, SUVs) were prepared as described in the literature. [38] In this procedure, PC was dissolved in chloroform (10 mg mL À1 ) and the latter was then evaporated under vacuum to obtain a fine layer of lipids. Dry lipids were resuspended by vortex agitation to a final lipid concentration of 1 mg mL À1 in tris-buffered 0.15 M KCl saline (pH 7.4) and treated with ultrasound using a 130 Watt Ultrasonic Processor with a 6 mm microtip for 10 min at 48C under a stream of argon. Liposomes were centrifuged at 14 000 g at 48C. The liposome size distribution determined using scattering of laser light (Mastersizer, Malvern) was unimodal, and the vesicle sizes ranged between 20 and 300 nm with a mean value of 99.6 AE 9.5 nm.
Determination of the Primary LPO Products
Liposomes were incubated at 378C in closed tubes for different periods of time to study either FeSO 4 -initiated [47] ( [FeSO 4 ] ¼ 100 mM) or spontaneous LPO. At different times, aliquots of each suspension were withdrawn to evaluate the content of the DC and ketodienes (KD). [48] The DC and KD were monitored by measuring the absorption spectrum in the range of 200 to 300 nm with a Perkin-Elmer Lambda-25 UV/vis spectrophotometer. The oxidation index, as referred to DC formation, was determined by the D 233 /D 205 ratio, in which D 233 is the optical-density peak between 233 and 235 nm, corresponding to the DC absorption maximum, and D 205 is the peak between 204 and 206 nm that refers to the maximum absorption of unoxidised lipids. [48] The oxidation index related to the KD was calculated from the same absorption spectrum by the D 275 /D 204 ratio. [49] Determination of the Secondary LPO Products For the MDA measurements, 1 mL of water, 1 mL of thiobarbituric acid (0.67 % in water), 1 mL of trichloracetic acid (30.0 % in water), and 0.1 mL of butyl hydroxytoluene (0.22 % in ethanol) were added to 0.1 mL of each treated liposome sample. Such a mixture was incubated for 15 min in a boilingwater bath and, after cooling, the optical density at 532 nm was measured with a Perkin-Elmer Lambda-25 UV/vis spectrophotometer. The results were expressed in nmol of MDA per 1 mg of phospholipids, using a molar extinction coefficient of 1.56 Â 10 5 M À1 cm
À1
. [50] Determination of the Total Unsaturation of Lipid Substrates (Double Bond Content) The double bond (DB) content was determined by an ozonation technique using a DBA double-bond automated analyzer (EKOZONE). [51] Scintillation of stilbene was used as a standard. The reactor of the analyzer, containing CCl 4 , was filled with 10 mL of the experimental samples with a lipid concentration of 10 mg mL À1 . The DB content was calculated according to Eqn 1:
is the measure of the lipid unsaturation in mmol mg À1 (phospholipids), C st represents the concentration of the standard solution, V st and V 0 are the volumes of the standard and the research samples, S st and S 0 are the integrals of the dynamic signal from the standard and the sample, G represents the weight of the substance, and V sol is the volume of the sample solution.
Electron Spin Resonance (ESR) Studies
The ESR measurements were performed as described previously [52] using spin probes. [53] The two doxyl radicals, 5-and 16-doxylstearic acids (5-and 16-DSA,Sigma) were used as spin probes. The 5-and 16-DSA (10 À2 M) probes in ethanol were added to 200 mL of the membrane suspensions (final concentrations ranged from 3 Â 10 À5 to 10 À4 M) and incubated for 30 min. The final ethanol content of the research samples did not exceed 0.6 %. The ESR measurements were performed using a Bruker EMX spectrometer.
The rotational correlation time (t C ) constitutes the characteristic time of probe reorientation at p/2, which may be used to obtain the apparent microviscosity of the cell (liposome) membrane, and was calculated from the measured 16-DSA spectra using the known relation, as expressed by Eqn 2 for a fast (6 Â 10 À11 , t , 3 Â 10 À9 s) motion of the nitroxyl radicals:
in which I þ1 and I -1 are the resonance heights of the low and the high-field components of the ESR spectra correspondingly, while DH þ1 represents the resonance width of the low-field component.
The order parameter (S) characterizes the order degree of the long axis of the 5-DSA and is related to the molecular motion of a lipid matrix and may be obtained with the help of the known expression in the form of Eqn 3:
in which 2H // is the resonance width between the low-and the high-field (external) extremes of the ESR spectra and 2H I is that for the internal extremes.
Results
The Effect of the Smoke GP on the Initiated LPO in Liposomes
For monitoring the LPO process in lipid materials, their DB content is of prime importance. Thus, as a step to elucidate the influence of the smoke GP chemicals on the LPO development, we examined the effect of the smoke GP on the DB content (monitored with the double-bond automated analyzer, as specified in the Experimental section) during the course of the oxidation process initiated in the experimental liposome samples. As is evident from Table 1 , a 12 min exposure of liposomes to the smoke GP (bubbling at 48C) before the LPO initiation significantly lowered the DB content (1.99 mmol mg PC À1 ) compared with the control (2.25 mmol mg PC
À1
). After LPO induction, the decrease of the DB content in liposomes exposed to the GP persisted and was more pronounced than that in the control experiment (Fig. 1) .
We have examined the kinetic features of the DB consumption approximating the initial parts of the time profiles by first-order kinetics, i.e. assuming that
. As a result, we have estimated the average rates (V av ) and effective constant (k) for the DB disappearance in control liposomes and in liposomes exposed to the smoke GP. The mentioned V av and k values showed the most remarkable changes in GP-exposed liposomes within the first 5 min of the LPO process (Table 1) . Upon exposure to the smoke GP, the V(DB) av value was 23 times higher compared with the control samples, whereas the k value exhibited a 30-fold increase (Table 1) .
LPO development was monitored by looking at the primary (DC) and the secondary (KD and MDA) LPO products following LPO induction in liposomes. As described in the Experimental section, the DC formation was monitored by the D 233 / D 205 optical density ratio, the KD production was tracked through the D 275 /D 204 ratio, while monitoring the optical density at 532 nm was used for MDA. The first 10 h of the initiated LPO process resulted in an increased formation of the DC products followed by the inhibition of DC production in the smokeexposed liposomes for up to 40 h of incubation (Fig. 2) .
It is worth noting that the drastic elevation of the DC level during the first 10 h is accounted for by its increase before the LPO induction rather than by an elevated oxidation rate. The real average LPO rate, V(DC) av , in liposomes during the first 5 h was 1.9 times lower than in the control samples (0.9 Â 10 À2 h À1 versus 1.7 Â 10 À2 h À1 , cf. Table 1 ). Production of the secondary LPO products, KD and MDA, was significantly reduced upon exposure to the smoke GP as compared with the control samples ( Figs 3 and 4) .
The Tar Effect on Initiated LPO Process in Liposomes
Similarly to studying the LPO modulation by the smoke GP, to assess the effects of the smoke particulate phase on the LPO process we studied changes in the oxidation of liposome lipids manifested by changing the DB content as well as by the production of the primary and secondary oxidation products. For that purpose, the isopropyl alcohol tar extracts with a tar concentration of ,2 mg mL À1 were added to liposomes (1.0 mg PC mL
À1
) before the LPO induction. A significant (13-11 %) decrease in the DB content takes place immediately upon introduction of the tar extracts into liposomes before the LPO induction, as compared with the pure control and isopropyl alcohol control samples (Table 1) . After 20 min of oxidation, the decrease of the DB content in both tar-exposed and the control liposomes had reached the same level and approached 1.6 mmol mg PC
. A 1.5-fold increase of the V(DB) av value for the DB consumption upon exposure to the tar chemicals was observed compared to the controls ( Table 1 ). The k values showed no significant changes upon addition of the tar.
Addition of tar extracts to liposomes provoked a slight decrease in the DB level as compared with the control during the first 20 min after the LPO initiation (Fig. 5) .
As shown in Fig. 6 , DC formation after exposing the samples to the tar chemicals significantly increased during the first 5 h of the LPO process. Maximal DC levels were observed 1 h after LPO induction with the subsequent decrease in the DC content (Fig. 6 ). As compared with the control, tar addition caused a 1.5-fold increase in the initial DC level. After 5 h, the tar inhibited the formation of the DC products for up to almost 60 h of the LPO development. The V(DC) av value exhibited a 5-fold increase during the first hour of oxidation upon exposure to the tar ( Table 1 ). The secondary LPO product, namely KD, showed dynamics similar to that of the DC formation. Indeed, the increase of the pertinent oxidation index (KD) at the very beginning of oxidation was followed by its rapid decrease in response to the tar exposure (Fig. 7) . Conversely, the tar induced an inhibition of MDA formation during the whole observation time (Fig. 8) . phosphatidylcholine, pH 7.4, 378C, curve 1) and while exposing the liposomes to the smoke gas phase (under the same conditions, curve 2) during the initiated lipid peroxidation process. 
The Effect of the Smoke GP and the Tar on the Lipid Microviscosity and the Order Parameter in Liposomes
Since the LPO products formed upon exposure to the smoke GP may affect the structure of different lipid regions in liposomes, we evaluated the changes in the membrane fluidity and rigidity expressed, respectively, by the values of the rotational correlation time (t C ) and the order parameter (S). For these purposes, an ESR spin probe technique has been used with the following spin probes: 16-DSA was harnessed for the t C measurements, while 5-DSA was used for the S monitoring, and the pertinent experimental details are disclosed in the Experimental section.
The smoke GP induced a significant (,20 to 24 %) increase of the membrane microviscosity in the hydrophobic lipid regions (20-22 Å from the surface) within the first 30 min of exposure (Fig. 9) . The decrease in microviscosity became observable (down to 7-8 % below the control level after 24 h) only after 18 h of incubation. Conversely, the order parameter (S) indicating the structural state of the membrane area located at the depth of 8 Å , markedly decreased after 30 min of exposure to the GP and levelled off during the following 3.5 h of exposure (Fig. 10) . The S value returned to the control level only after 18 to 20 h of incubation.
In parallel with the changes in the membrane structure upon exposure of the experimental samples to the smoke GP, we examined the dynamics of the DB content and the oxidation products during the spontaneous LPO process (Fig. 11) . As evident from Fig. 11 , exposure to the GP of the smoke reduced the DB content slightly. Conversely, the DC level increased during 4 h of liposome incubation at 378C (Fig. 12) .
The studies on the membrane microviscosity upon exposure of the samples to the smoke particulate phase were carried out using concentrated isopropyl alcohol solutions of tar (2 mg mL À1 ), as well as their 10-fold dilutions. The tar appeared to reduce the membrane microviscosity, as indicated by the rotation correlation time (t C ) of the 16-DSA spin probe (Fig. 13) . The maximal effect (30-37 %) was observed 30 min after the injection of the tar extract. The 10-fold diluted tar extracts exhibited a more pronounced impact on microviscosity in 30 min of incubation which was maintained for 1 h (Fig. 13,  curve 3 ), whereas the higher tar concentrations resulted in a more protracted effect observed during 3 h of incubation (Fig. 13, curve 2) . The pertinent DB changes upon the tar exposure of the same liposomes (Fig. 14) were similar to those observed under the treatment with the smoke GP (Fig. 11) . As a matter of fact, there was a slight difference (less than 0.1 mmol mg PC À1 ) in the initial DB level which persisted during the rest of the incubation time. The oxidation index of the spontaneous LPO was insignificantly higher in liposomes treated with the tar and corresponded to the level of the LPO induction period.
Discussion
In the present work, we utilised liposomes as a facile model of cell membranes for studies on the LPO process and changes in membrane structural features upon exposure to different phases of cigarette smoke. The LPO process in bulk phospholipids depends on their unsaturation. [54] [55] [56] [57] Thus, it has been hypothesised that the membrane response to cigarette smoke should differ, depending on initial unsaturation of the PC material being used for liposome preparations. There exists only a few reports on cell membranes and liposomes exposed to cigarette smoke. [58, 59] In the present study, we harnessed liposomes with a relatively low degree of total unsaturation (2.25 mmol mg PC À1 ), which distinguishes them from those used previously. The DB content is one of the characteristic features of lipid substrates, which is of prime interest for the assessment of oxidative stress status. As reported previously, during LPO development the DB content changes earlier than the other characteristic parameters of interest. [54] As is evident from Fig. 1 , exposure of liposomes to the GP of the smoke resulted in a drastic decrease in the DB content. The observed acceleration of the consumption of the unsaturated PC was accompanied by an increase of the formation of the primary LPO products such as DC species during the first 10 h (Fig. 2) . The high DC level may be accounted for by the spontaneous DC production while bubbling the smoke GP through the liposome suspension before the LPO initiation. The effect of the smoke GP on the DC production is rather intricate: the observed 10 h increase in DC generation was followed by its inhibition. Although the V av and the k values of the DB consumption exhibited a multifold increase upon exposure to the smoke GP, the DC change was lower than that in the control samples (Table 1 ). The smoke GP induced a short (2 h) increase in KD production followed by its inhibition as compared with the control (Fig. 3) . At the same time, the MDA production was inhibited while exposing the liposomes to the smoke GP (Fig. 4) .
Cigarette smoke constitutes an extremely complex matrix of more than 5000 chemicals. [16] [17] [18] 24, 26, 27] The tar contains diverse persistent radicals that can be observed directly by ESR. [16, 17, 19, 21, 25] However, the effects of the smoke tar on the LPO development remain unclear. [16, 17, 26, 27] In the present work, addition of tar extracts to liposomes provoked a slight decrease in the DB level as compared with the control samples during the first 20 min after LPO initiation (Fig. 5) and a considerable acceleration of the DC formation during the first 2 h (Fig. 6) . It is worth noting that insignificant changes in the DB content were accompanied by a drastic increase of DC production manifested by the V av value (Table 1) .
Taken together, the data concerning the effects of the gaseous and particulate phases on DB content in liposomes during peroxidation therein indicate that both phases of the smoke result in a decrease in the DB level (Figs 1 and 5) . However, the effect of the gaseous phase in reducing the DB quantity was twice as high as that of the tar. The acceleration of the DB consumption was also significantly higher upon exposure to the GP than under the tar influence as manifested by the increase of the V av (23-versus 1.3-fold) and the k (30-versus 1.2-fold) values. On the other hand, there are the differences in the GP and the tar effects on the LPO process: while the GP induced significant changes in the DB level, tar caused a drastic increase in the DC production (Table 1) . We observed similar DC kinetics while exposing liposomes to the gaseous and particulate phases of the cigarette smoke. The increase in DC formation was followed by its inhibition (Fig. 2 and Fig. 6) . Conversely, the period of the KD increase was much longer upon exposure to the particulate phase, namely 15 versus 2 h in experiments with the GP (cf. Figs 3 and 7) . It should be noted that in both modes of liposome treatment (i.e. using either gas or particulate phase), MDA formation was inhibited compared with the control case.
To rationalise the different effects of the gaseous and the particulate phases on the LPO process manifested by its diverse indicators (changes of the DB, DC, KD, or MDA contents), different facets need to be considered: (i) an alteration of the average transformation rate of the primary LPO products (DC) into the secondary ones (KD and MDA) and (ii) an inhibition of the LPO process after several hours of oxidation by the GP and the tar chemicals. The contradictory results pertaining to the GP and the tar effects on the LPO process in living systems [16, 17, 26] may be attributed to the diverse nature of the intervention of the smoke phases into the overall oxidation mechanism. Our findings indicate that the difference (acceleration or inhibition of LPO development) in response to reactants formed in the smoke GP and in the tar is a matter of choosing an appropriate oxidation product as a pertinent marker of the LPO process.
The last but not least part of the present study pertains to the effects of the smoke phases on membrane structural features. For the first time, we demonstrate that exposure of liposomes to either the gaseous or particulate phase significantly modified lipid microviscosity (Figs 9 and 13 ). In this context, the question of importance is whether these observations may be accounted for by altering the LPO development. The decrease in the DB content observed in the control and in the research liposome samples was accompanied by a microviscosity increase (cf. Figs  9 and 11 ). The microviscosity change was monitored through ESR spectroscopy with the 16-DSA spin probe, whose nitroxyl moiety was localised at the depth of 20 to 22 Å , the area of free fatty acids in liposomes and membranes. [60] The increase (4 %) of the t C value in the control liposomes (Fig. 9, curve 1 ) during 4 h parallels the decrease (15.5 %) of the DB content (Fig. 11 , curve 1), while exposure to the smoke GP induced the increase (21 %) of t C during 1 h (Fig. 9, curve 2) accompanied by the reduction (20 %) of the DB content (Fig. 11, curve 2) . The reported data suggest that changes in microviscosity upon exposure to the smoke GP occur not only because of an oxidative modification of lipids but also for other reasons. Furthermore, taking into account the results of exposing the samples to the tar manifested by a change in the lipid microviscosity and the DB level (cf. Figs 13 and 14) , one may conclude that liposome fluidization has little to do with changing the DB content and has another origin, most likely, incorporation of the diverse tar constituents into the membrane structure.
The order parameter (S) decreased under exposure to the smoke GP (Fig. 10) , implying that those lipid areas closer to the surface become less ordered. A slight increase in the DC level was detected in the control samples and under the GP exposure, while a decrease in the order parameter was observed only after the GP treatment (Fig. 10) . Despite that the literature data indicate that an LPO intensification results in a decrease of the S value, [58, 59, 61, 62] from our point of view, these changes could not be explained solely by oxidative processes. Thus, the data disclosed above reveal that the cigarette smoke significantly modifies the different regions of liposomes and these modifications are not merely of oxidative origin.
In the context of the present study, one of the key contemporary diagnostic problems refers to the quest for appropriate biomarkers. Indeed, biomarkers are of prime importance for the rapid assessment of the efficiency of the harm-reduction strategies, most prominently, related to the exposure to the smokeborne carcinogens. [63] Several studies suggest that the LPO products may be considered as pertinent biomarkers of harm. [15, [64] [65] [66] [67] The essential part of their conclusions is based on the experimental data acquired in vivo and through using cell culture probes. [64] [65] [66] [67] [68] There exists very limited experimental material available through in vitro studies. [69, 70] To remedy this deficiency, in the present work, we monitored the oxidation biomarkers (namely, DB, DC, KD, and MDA contents) during the initiated LPO process in artificial membranes and the structural changes in different lipid regions of liposomes upon exposure to the GP and the tar phases of the cigarette smoke. We have found that both the GP and tar exhibit a stepwise effect on LPO development: LPO acceleration occurred during the first hours of exposure to the smoke constituents followed by its inhibition. However, the relationship between these two stages differed for the gaseous and particulate smoke phases.
The antioxidant activity of both the smoke GP (Figs 2-4 ) and the tar (Figs 6-8 ) merits particular emphasis. The propensity of smoke constituents to suppress oxidation processes is known from the literature. [71] [72] [73] [74] Nevertheless, the term 'antioxidant activity' in reference to cigarette-smoke chemicals [71] is used, in our opinion, unjustifiably rarely. At the same time, the origin of the oxidative stress derives from the imbalance of the activity of oxidants and antioxidants, [1] and for understanding the nature of the smoking-associated oxidative stress the antioxidant activity of smoke components should receive the attention it deserves.
The cigarette smoke provoked modifications in the membrane structure, whose nature is not of oxidative origin (incorporation of the smoke particles into the membrane structure is the likely reason) and needs further in-depth investigation. Finally, liposomes merit further attention as facile model systems for the assessment of plausible harm-reduced cigarette smoke.
